A Gram-staining-negative, non-motile, catalase-and oxidase-positive strain, designated MS7 T , was isolated from freshwater of a river near Trabzon, Turkey. Its taxonomy was investigated using a polyphasic approach. The strain grew optimally at 28 8C and pH 7.5 and in the presence of 2.0 % NaCl. 16S rRNA gene sequence analysis revealed that the strain belonged to the genus Algoriphagus; strain MS7
, was isolated from freshwater of a river near Trabzon, Turkey. Its taxonomy was investigated using a polyphasic approach. The strain grew optimally at 28 8C and pH 7.5 and in the presence of 2.0 % NaCl. 16S rRNA gene sequence analysis revealed that the strain belonged to the genus Algoriphagus; strain MS7
T showed highest sequence similarity to the type strains of Algoriphagus alkaliphilus (97.3 %), Algoriphagus terrigena (96.8 %), Algoriphagus jejuensis (96.2 %), Algoriphagus boritolerans (96.1 %) and Algoriphagus aquatilis (95.8 %). The major fatty acids of strain MS7 T were iso-C 15 : 0 (30.14 %) and summed future 9 (10-methyl C 16 : 0 and/or iso-C 17 : 1 v9c 18.75 %). Polar lipid analysis revealed phosphatidylethanolamine, a variety of unidentified lipids, an unidentified aminophospholipid, an unidentified phospholipid and an unidentified aminolipid. The major isoprenoid quinone was MK-7.The DNA G+C content of MS7 T was 41.6 mol%, a value consistent with that of members of the genus Algoriphagus. The level of DNA-DNA relatedness between strain MS7 T and A. alkaliphilus LMG 22694 T was 41 %, which is clearly below the 70 % threshold accepted for species delineation. Thus, our results support the placement of strain MS7 T within a separate and previously unrecognized species. On the basis of these data, the strain is considered to represent a novel species of the genus Algoriphagus, for which the name Algoriphagus trabzonensis sp. nov. is proposed. The type strain is MS7 T (5NCCB 100372 T 5LMG 26290 T ). An emended description of A. alkaliphilus is also provided.
The genus Algoriphagus belongs phylogenetically to the family Cyclobacteriaceae and was first described by Bowman et al. (2003) with Algoriphagus ratkowskyi as the type species (Kim et al., 2014) . Members of this genus are heterotrophic, strictly aerobic, non-motile, Gramstain-negative, rod-shaped, non-sporulating and possess menaquinone-7 (MK-7) as the major respiratory quinone (Yoon et al., 2006) . At the time of writing, this genus comprised 28 species with validly published names (http : // www.bacterio.net) and members have been isolated from sea ice, seawater, algae, saline lakes, marine sediments, a marine solar saltern, soils and freshwater.
In the present study, one strain (MS7 T ) was isolated from freshwater and characterized on the basis of data from a polyphasic approach, including 16S rRNA gene sequence, phenotypic properties, chemotaxonomic and DNA-DNA hybridization data. The results indicated that strain MS7 T represents a novel species of the genus Algoriphagus.
Strain MS7
T was isolated from a sample of freshwater collected from the Yomra river 204 m above sea level and 7 km inland from the Trabzon coast, Turkey. The method used for isolation has been described previously (Belduz et al., 2003) . Temperature and pH of the sample were 25 8C and pH 7.5, respectively. The water sample was filtered within 2 h of sampling through Millipore membrane filters with a pore size of 0.45 mm. The filters were deposited on Degryse 162 agar and incubated aerobically at 28 8C for 3 days (Kristjansson & Alfredsson, 1983) . Pink-pigmented colonies were picked from the filters (which otherwise contained mostly white and yellow bacterial colonies) and purified by streaking on the same medium. The purity of the isolate was assessed by using colony morphology and microscopy. 
MS7
T was routinely cultured on Degryse 162 agar and preserved at 280 8C as a suspension in Degryse 162 broth supplemented with 20 % (v/v) glycerol. Algoriphagus alkaliphilus LMG 22694 T , obtained from the BCCM/LMG Bacteria Collection, Ghent, Belgium, was used as a reference strain for phenotypic characterization and fatty acid analysis.
The 16S rRNA gene of strain MS7
T was selectively amplified from purified genomic DNA by using the oligonucleotide primer pair UNI16S-L and UNI16S-R (Brosius et al., 1978) . PCR conditions were as described by Beffa et al. (1996) ; PCR products were cloned into pGEM-T vector systems and then 16S rRNA gene sequences were determined with an Applied Biosystems model 373A DNA Algoriphagus trabzonensis sp. nov.
sequencer by using the ABI PRISM cycle sequencing kit (Macrogen). The results of 16S rRNA gene sequencing were analysed using the EzTaxon server (http : //www. eztaxon.org/; Kim et al., 2012) . The 16S rRNA gene sequences of related taxa were obtained from the EzTaxon-e server and edited by using the BioEdit program (Hall, 1999) and multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Phylogenetic analyses were performed using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods with MEGA version 5.0 (Tamura et al., 2011) . Evolutionary distances were calculated by using Kimura's two-parameter model (Kimura, 1980) . Bootstrap analysis based on 1000 replicates was also conducted in order to obtain confidence levels for the branches (Felsenstein, 1985) .
The almost-complete 16S rRNA gene sequence of strain MS7 T (1408 nt) was obtained and used for the phylogenetic analyses. The phylogenetic tree based on the neighbourjoining algorithm showed that strain MS7
T was a member of the genus Algoriphagus (Fig. 1) . The other two treemaking algorithms (maximum-likelihood and maximumparsimony) resulted in trees showing similar topologies (Figs S1 and S2, available in the online Supplementary Material). Strain MS7
T exhibited the highest level of 16S rRNA gene sequence similarity with A. alkaliphilus AC-74 T (97.3%). Sequence similarities with all other members of the genus Algoriphagus were v97%.
For determination of the DNA G+C content, genomic DNAs were extracted and purified using the method of Marmur (1961) . Genomic DNA G+C contents were determined from the midpoint value (melting temperature, T m ) of the thermal denaturation profile (Mandel & Marmur, 1968) using a model Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostatted 6|6 multicell changer and a temperature controller with in situ temperature probe (Varian). Thermal denaturation was performed with approximately 20 mg DNA ml 21 from each sample in 0.1|SSC (0.15 M NaCl plus 0.015 M sodium citrate). Thermal conditions consisted of a ramp from 55 uC to 90 uC at 0.5 uC min 21 on a Bio UV/VIS spectrophotometer. Thermal melt curves for sample DNAs were generated in triplicate. The DNA G+C contents for A. alkaliphilus LMG 22694 T and strain MS7 T were calculated using linear regression analyses of T m against the G+C content of the standard DNA (i.e. Escherichia coli K-12 DNA). The DNA G+C content of MS7 T was 41.6 mol%, a value consistent with that of members of the genus Algoriphagus (Yang et al., 2013) .
To determine the degree of genomic DNA relatedness between A. alkaliphilus LMG 22694 T and strain MS7 T , DNA-DNA hybridization was performed spectrophotometrically by DNA reassociation kinetics as described by De Ley et al. (1970) under consideration of the modifications described by Huß et al. (1983) . The DNA hybridization values (%) for these two micro-organisms were calculated using the equation described by De Ley et al. (1970) . A Cary 100 Bio UV/VIS spectrophotometer, which was also used for determination of the DNA G+C content, was used to measure renaturation. Hybridizations were replicated five times for each sample. The highest and lowest values for each sample were excluded and the remaining three values were used for calculation of the mean level of DNA-DNA relatedness. The level of DNA-DNA T was 41%, which is clearly below the 70% threshold accepted for species delineation (Stackebrandt & Goebel, 1994; Wayne et al., 1987) . Thus, our results support the placement of strain MS7
T within a separate and previously unrecognized species.
Fatty acid methyl esters were obtained from 40 mg wet cells scraped from Degryse 162 agar plates after incubation at 30 uC for 24 h in the late-exponential growth phase by saponification, methylation and extraction using minor modifications of described methods (Kuykendall et al., 1988; Miller, 1982) . Fatty acid methyl ester mixtures were separated using the Sherlock Microbial Identification System (MIDI) using an Agilent model 6890N gas chromatograph fitted with a 5% phenylmethyl silicone capillary column (0.2 mm|25 m), a flame-ionization detector, an Agilent model 7683A automatic sampler and a Hewlett Packard computer with the MIDI database (Aerobic bacteria library, TSBA6 v6.10). Peaks were integrated automatically and percentages were calculated using the MIS Standard Software (Microbial ID). A. alkaliphilus LMG 22694 T was tested under the same conditions in this study with strain MS7 T .
The cellular fatty acids of strain MS7 T and A. alkaliphilus LMG 22694
T are given in Table 1 . The major fatty acids (w10% of total) in strain MS7
T were iso-C 15 : 0 (30.1%), which is also the dominant fatty acid in other members of the genus Algoriphagus (Alegado et al., 2013) , and a second fatty acid, summed featured 9 (10-methyl C 16 : 0 and/or iso-C 17 : 1 v9c; 18.8%), which was predominant only in strain MS7
T .
The polar lipids of strain MS7 T and A. alkaliphilus LMG 22694 T were extracted from 100 mg freeze-dried cells by using two-dimensional TLC according to the method of Tindall et al. (2007) . Polar lipids were separated by twodimensional TLC on silica gel (no. 818 135; MachereyNagel). The first direction was developed with chloroform/methanol/water (65 : 25 : 4, by vol.) and the second direction with chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). Detection was performed using 5% ethanolic molybdophosphoric acid for the total lipids, molybdenum blue for phospholipids, ninhydrin for aminolipids, and a-naphthol for glycolipids (Tindall et al., 2007) . The major polar lipids of strain MS7
T were phosphatidylethanolamine and two unidentified polar lipids (L1, L4; Fig. S3 ). The major polar lipids of strain MS7 T and A. alkaliphilus LMG 22694 T were similar, although three unidentified lipids (L3, L5, L6) and one unidentified phospholipid (PL1) were present and one unidentified lipid (L3) and four unidentified aminolipids (AL1, AL2, AL3, AL5, AL6) were absent in strain MS7 T (Fig. S3) .
Isoprenoid quinones were extracted using methanol/ hexane (Tindall, 1990 a, b) , followed by phase separation into hexane. This analysis was performed on strain MS7 T only. The predominant isoprenoid quinone found in strain MS7
T , menaquinone-7 (MK-7), was the same as that found in recognized members of the genus Algoriphagus (Oh et al., 2012) .
To characterize strain MS7
T phenotypically, standard phenotypic tests were performed. Vegetative cells of strains MS7
T were Gram-stained using the method of Dussault (1955) and the Gram type was also determined using the KOH test (Powers, 1995) . Cell morphology and motility were examined by using phase-contrast microscopy (Nikon Eclipse E600; Olympus) on an exponentially growing liquid culture. The morphology, size and pigmentation of colonies were observed under optimal growth conditions on Degryse 162 agar after 2 days of incubation at 28 uC. 
Characteristic 1 2
Nitrate reduction 2 + Salinity range for growth (%) 0-2 0-3 pH range for growth 7-10 8-11 Hydrolysis of:
41.6 43.5
The temperature range and optimum for growth were tested at 4, 10-30 (at 5 uC intervals), 37, 42 and 45 uC in Degryse 162 broth. The pH range for growth, at 28 uC, was determined in Degryse 162 broth that had been adjusted to pH 4.0-11.0 (in increments of 0.5 pH unit) by addition of HCI or Na 2 CO 3 ; pH values were verified after autoclaving. Growth was scored as the OD 600 after 3 days of incubation. Salt tolerance was tested in Degryse 162 liquid medium supplemented with 0-10% NaCl (w/v, at intervals of 1%) for 7 days at 28 uC. Anaerobic growth was tested using a GasPak pouch (Becton Dickinson). Catalase and oxidase activities were assessed using standard methods (Tindall et al., 2007) . Hydrolysis of casein was determined by observing clear zones surrounding growth on skimmed milk agar (Atlas, 1993) . Hydrolysis of starch, aesculin and tyrosine was investigated according to previously described methods (Smibert & Krieg, 1994) .
Other phenotypic characterizations of strain MS7 T and A. alkaliphilus LMG 22694
T were conducted using API 20 E and API 50 CH (bioMérieux) at 28 uC for 3 days. Utilization of carbon sources was tested using a Vitek2 Gram Negative Identification Card (GN) microtest systems (bioMérieux), according to the manufacturer's instructions. Sporulation was tested on solid maintenance medium by the Schaeffer and Fulton staining method (Smibert & Krieg, 1994) . Growth was assessed on nutrient agar (NA; Merck), Luria-Bertani agar (LB; Himedia), MacConkey agar (Oxoid) and trypticase soy agar (TSA; Oxoid). The sensitivity of strain MS7
T to antibiotics was examined on plates of Degryse 162 agar incubated at 28 uC. The following standard (6 mm) antibiotic discs (Oxoid) were used : ampicillin (10 mg), gentamicin (10 mg), trimethoprim/sulfamethoxazole (1.25/23.75 mg), imipenem (10 mg), ciprofloxacin (5 mg), amikacin (30 mg), piperacillin/ tazobactam (100/10 mg), colistin (10 mg), cefazolin (30 mg), meropenem (10 mg), ceftriaxone (30 mg) and cefepime (30 mg). The diameters of inhibition zones were measured after 3 days.
The morphological, physiological and biochemical characteristics of strain MS7
T are given in the species description and Table 2 . Strain MS7
T exhibited a number of phenotypic similarities with respect to species of the genus Algoriphagus, including negative Gram-staining behaviour, lack of motility, the presence of rod-shaped cells and iso-C 15 : 0 as the major fatty acid. However, Strain MS7 T was distinguishable from A. alkaliphilus LMG 22694
T by differences in several phenotypic characteristics, most of which were determined under the same conditions and methods ( Table 2 ). The distinctive characteristics of strain MS7 T were as follows : hydrolysis of gelatin and casein, utilization of D-mannose, D-sorbitol, N-acetylglucosamine, Cellobiose, L-arabitol, raffinose, starch and b-gentiobiose, and susceptibility to ceftriaxone.
On the basis of morphological, physiological and chemotaxonomic characteristics, together with data from 16S rRNA gene sequence comparisons and DNA-DNA hybridization experiments, strain MS7
T should be placed in a novel species within the genus Algoriphagus, for which the name Algoriphagus trabzonensis sp. nov. is proposed.
Description of Algoriphagus trabzonensis sp. nov.
Algoriphagus trabzonensis (trab.zon.en9sis. N.L. masc. adj. trabzonensis of or belonging to Trabzon, where the type strain was isolated).
Cells are Gram-staining-negative, non-motile, aerobic rods, 0.3-0.5 mm in diameter and 1.0-2.5 mm long on Degryse 162 agar. After incubation for 3 days at 28 uC, colonies on Degryse 162 agar are circular, convex, smooth, reddish-orange in colour and 0.5-1.0 mm in diameter. Growth occurs in the presence of 0-2.0% (w/v) NaCl, at pH 7.0-10.0 (optimum, pH 7.5) and at 10-40 uC (optimum, 28 uC). Good growth occurs on TSA, NA, LB and MacConkey agar. Oxidase, catalase and p-nitrophenyl b-D-galactopyranoside hydrolysis activities are present, but arginine dihydrolase, urease and gelatinase activities are absent. Aesculin hydrolysis is positive, but nitrate reduction, indole production, glucose fermentation and H 2 S production are negative. In the Vitek2 GN gallery, Ala-Phe The description is as given by Nedashkovskaya et al. (2007) with the following amendment. The polar lipid profile consists of phosphatidylethanolamine, four unidentified lipids, six unidentified aminolipids and one unidentified aminophospholipid.
